Determining the Maternal and Fetal Cellular Immunologic Contributions in Preterm Deliveries With Clinical or Subclinical Chorioamnionitis by McNamara, M. F. et al.
Infectious Diseases in Obstetrics and Gynecology 5:273-279 (I 997)
(C) 1998 Wiley-Liss, Inc.
Determining the Maternal and Fetal Cellular
Immunologic Contributions in Preterm Deliveries
With Clinical or Subclinical Chorioamnionitis
M.F. McNamara, 1. T. Wallis,
2 F. Qureshi,2 S.M. Jacques,2 and
B. Gonik’
1Department of Obstetrics and Gynecology, Wayne State University School ofMedicine, Detroit, MI
eDepartment of Pathology, Wayne State University School ofMedicine, Detroit, 311
ABSTRACT
Objective: Our purpose was to determine the maternal and fetal polymorphonuelear contributions
to preterm histologie ehorioamnionitis and whether this response differs in clinical ehorioamnionitis
when compared to eases without clinical ehorioamnionitis.
Methods: Paraffin placenta blocks from 19 preterm deliveries with histologie ehorioamnionitis, 9
with clinical ehorioamnionitis and 10 without clinical ehorioamnionitis, were identified. Only pla-
centas from male fetuses were used.. Cytospin slides were generated from tissue specimens for
fluorescent in situ hybridization (FISH) and labeled with X and Y chromosome probes. Under
fluorescent microscopy, polymorphonuelear cells (PMNs) were identified as having twoXX signals
(maternal) or a single X and Y pair (fetal).
Results: Maternal PMNs comprised 89% and 91% of the cellular response in the groups with and
without clinical ehorioaminionitis, respectively. This difference in the two groups was not statisti-
cally significant.
Conclusions: The dominant contribution of PMNs seen in preterm severe histologie ehorioam-
nionitis is maternal in origin. This response is similar in the presence or absence of clinical eho-
rioamnionitis. Infect. Dis. Obstet. Gynecol. 5:273-279, 1997. (C) 1998 Wiley-Liss, Inc.
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rematurity is a leading cause of neonatal mor-
bidity and mortality, with infection playing a
major role in preterm labor and delivery,z In this
regard, numerous investigators have found an in-
creased incidence of histologic evidence of chorio-
amnionitis in the preterm delivered placenta. 1-s
Guzick and Winn found on examination of 2,774
placentas that the rate of histologic chorioamnion-
itis was 32.8% and 10% in preterm and term pla-
centas, respectively. The majority of the preterm
cases with chorioamnionitis are subclinical, with
the mother exhibiting no overt features of infec-
tion. Conversely, histologic chorioamnionitis is less
commonly associated with maternal fever, tachy-
cardia, uterine tenderness, and other typical signs
of clinical infection.6 Microscopic examination of
the placenta shows a similar degree of polymorpho-
nuclear (PMN) leukocyte infiltration of the chorio-
amnion in both circumstances, making distinction
between the two scenarios difficult on pathologic
grounds.
The above dichotomy leads to speculation as to
why such a similar histologic picture is present in
two distinctly different clinical situations. Perhaps,
in the continuum of this disease process, the in-
flammatory response precedes clinical evidence of
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disease; however, this seems unlikely given the
similarity of histopathologic findings. Another pos-
sibility is that the origin of this inflammatory re-
sponse is different, with the inflammatory response
being primarily maternal in the clinical cases and
fetal in the subclinical cases. Acute chorioamnion-
itis frequently shows histopathological evidence of
both maternal and fetal response to maternal infec-
tion. The earliest response is considered to be ma-
ternal and is manifested by PMNs migrating
through decidual (maternal) blood vessels into the
decidua, often adjacent to the point of membrane
rupture or to the dilating cervix. Maternal PMNs
also migrate early from the intervillous space into
the subchorionic fibrin and membranes toward the
amniotic cavity. Fetal reaction may also be ob-
served but is generally delayed and less marked
than the maternal response. The fetal response
manifests as migration ofPMNs through blood ves-
sels of the chorionic plate and umbilical cord, again
toward the amniotic cavity. 7 The relative propor-
tions of maternal and fetal PMNs in clinical and
subclinical chorioamnionitis have never been ex-
actingly quantified. This is due, in part, to the pre-
vious lack of available technology to differentiate
between fetal and maternal inflammatory cells. Re-
cently, Redline and Patterson8 have shown the
ability of fluorescent in situ hybridization (FISH),
using X and Y chromosome probes to determine
the origin of the inflammatory infiltrate in chronic
villitis.
The basis of the present study was to utilize
FISH, with the X and Y chromosome probes, to
examine the origin of the inflammatory response
seen in preterm chorioamnionitis, and to determine
if it was different in those with and without clinical
symptomatology.
SUBJECTS AND METHODS
Specimen Collection
Placental pathology records were reviewed from
1992 through 1995 for cases of histologic chorioam-
nionitis in preterm deliveries between 25 and 34
weeks gestational age (n 164). Chorioamnionitis
was defined as the presence ofPMN infiltration of
the chorioamnion. Available hospital records asso-
ciated with these pathology reports were accessed
and reviewed for demographic and clinical infor-
mation. Only pregnancies with the delivery of a
male infant were studied, so as to use the presence
or absence of the Y chromosome to distinguish be-
tween maternal and fetal PMNs (n 87). Two
groups were identified based on the clinical pre-
sentation as reported in the chart: clinically overt
and subclinical chorioamnionitis. From each group,
10 cases were randomly chosen for evaluation. Two
cases of clinical chorioamnionitis with the delivery
of a female infant were also included (n 2) in the
blinded evaluation. The cases were reviewed to
ensure the presence of quantifiable PMNs by
FISH techniques. All cases examined by FISH
showed full thickness infiltration by PMNs of the
chorioamnion and vasculitis, considered evidence
of maternal and fetal responses, respectively. Clini-
cally overt cases were identified as those present-
ing with maternal fever, uterine tenderness, and
maternal or fetal tachycardia. All of these cases
were treated with intravenous broad spectrum an-
timicrobial therapy directed against intraamniotic
infection. Subclinical cases lacked these intrapar-
turn findings for infection, and received only group
B streptococcus prophylaxis in labor due to their
preterm status. One case in the clinical group was
later excluded due to the antepartum treatment of
syphilis.
Cytospin Preparation
Formalin-fixed and paraffin-embedded placenta
samples of the 19 study cases were obtained. Each
sample, obtained from the central portion of the
placenta, was blindly reviewed by both patholo-
gists (F.Q. and S.M.J.) to confirm the diagnosis of
histologic chorioamnionitis (Fig. 1). Full thickness,
36 pm tissue sections were cut from selected
blocks, deparaffinized in xylene, and then rehy-
drated in decreasing concentrations of alcohol. A
protease solution was used for tissue digestion.
The solutions were then poured through a 50 pm
filter separating the tissue from individual cells and
refrigerated. Gentle centrifugation yielded a repre-
sentative cell suspension for cytospin slide prepa-
ration. The cytospin slides were generated using
two drops of the cell suspension and one drop of
albumin. Four slides of each suspension were
made.
FISH
The cytospin slides were air dried. One slide from
each specimen was chosen for FISH. FISH probe
and detection kits were obtained from Oncor, Inc.
274 INFECTIOUS DISEASES IN OBSTETRICS AND GYNECOLOGYORIGIN OF PLACENTAL NEUTROPHILS McNAMARA ET AL.
Fig. I. Placenta section showing chorioamnionitis.
(Gaithersburg, MD). Satellite probes for X and Y
chromosomes were placed on the cytospin slide
and incubated on a 90C heating plate for 12 min
for protein denaturation. The slides were then
placed in a prewarmed humidified chamber at
37C for hybridization and incubated for 16 h. A
dual-color detection agent, consisting of rhoda-
mine-labeled anti-digoxigenin and fluorescein-
labeled avidin, was added to each slide and incu-
bated at 37C for 5 rain. Amplification of the X and
Y probes was performed, followed by counterstain-
ing with a DAPI/antifade preparation. A cytospin
slide from each specimen also underwent staining
with hematoxylin-eosin (H&E), and the slides
were concomitantly reviewed by one of the coin-
vestigators to evaluate the morphology of the cells
in the cytospin specimen. PMNs were easily dis-
tinguished morphologically from decidual and tro-
phoblastic cells (Fig. 2).
Fluorescent microscopy was utilized to evaluate
the slides. Alternating filters, 100 PMNs were iden-
tiffed and evaluated for presence of fluorescent
probes. Each PMN was evaluated for the presence
of two fluorescent probes within the cell nucleus.
The X probe appeared green, while the Y probe
appeared red. The presence of two X probes sig-
nified a PMN of maternal origin (Fig. 3). A single
X and Y pair signified fetal origin of the PMN
(Fig. 4).
Statistical Analysis
Demographic and clinical variables between the
two study groups were compared using the Stu-
dent’s t-test. Means and standard deviations (SD)
for the maternal and fetal PMN contributions for
the clinical and subclinical cases were calculated. P
< 0.05 was considered significant.
RESULTS
Blinded examination of the 21 cytospin FISH
preparations was. undertaken. This included a clini-
cal chorioamnionitis group (n 9), subclinical
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Fig. 2. H&E staining of cytospin specimen, arrows identifying PMNs.
group (n 10), and the 2 female infants with clini-
cal chorioamnionitis. The placental specimens
from the clinical chorioamnionitis group demon-
strated a mean maternal (XX) PMN count of 88.33
(SD 5.94). The placental specimens from the group
without clinical chorioamnionitis had a mean ma-
ternal PMN count of 91.4 (SD 3.13). The two pla-
cental specimens from female infants with cho-
riamnionitis revealed only XX PMNs. Using the
Student’s t-test, there was no significant difference
in the two study groups with regard to the ratio of
the maternal and fetal PMN responses (P 0.17).
Table lists demographic and clinical characteris-
tics of the clinical and subclinical chorioamnionitis
groups. There was no significant difference be-
tween the two groups with respect to gestational
age (P 0.056). There was a significant difference
in two areas. The first was birth weight, with a
mean weight of 1,365.89 g in the clinical group and
1,906.4 g in the subclinical group (P 0.021). The
second factor was the length of membrane rupture
prior to delivery. The clinical group’s mean was
128.44 h, while the mean in the subclinical group
was 17.7 h (P 0.005). There was no significant
difference in maternal age or parity between the
two groups.
DISCUSSION
Numerous studies have linked infection and pre-
mature delivery. Studies reviewing preterm deliv-
ery and placental pathology reveal a significant in-
cidence of histologic chorioamnionitis,z,9 The pla-
cental findings are similar despite differences in
the clinical presentation. PMNs are a sign of acute
infection in the placenta. The origin of these
PMNs, whether maternal or fetal, has not been
exactingly quantified in the past. It was though
that in the two distinct clinical scenarios, the ori-
gins of the PMNs would be different. In our evalu-
ated cases, we did not find a significant difference.
The groups did display two significant differences:
length of ruptured membranes and birth weight.
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Fig. 3. FISH of a maternal PMN with two X signals (arrows).
Fig. 4. FISH of a fetal PMN with an X (solid arrow) and a Y (open arrow) signal.
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TABLE I. Maternal and fetal characteristics
Clinical Subclinical
chorio- chorio-
amnionitis amnionitis
(n=9) (n= 10)
Parity Mean 2.78 Mean 2.20 0.557
SD 2.59 SD 1.55
Estimated gestational Mean 29.4 Mean 31.54 0.056
age weeks SD 2.79 SD 1.67
Birth weight (g) Mean 1,365.89 Mean 1,906.4 0.021
SD 575.33 SD 336.51
Ruptured membranes Mean 128.44 Mean 17.7 0.005
to delivery (h) SD 103.66 SD 28.41
Maternal (XX) PMNs Mean 88.33 Mean 91.4 0.17
(per 100 cells) SD 5.94 SD 3.13
Fetal (XY) PMNs Mean 11.67 Mean 8.6 0.17
(per 100 cells) SD 5.96 SD 3.13
The clinical chorioamnionitis group had a longer
length of membrane rupture than the subclinical
group. This finding is not surprising as the inci-
dence of clinical chorioamnionitis has been shown
to increase with the length of membrane rupture. It
is interesting that despite the increase in duration
of rupture of membranes and presence of clinical
chorioamnionitis in this group, there was no signifi-
cant difference in the ratio of maternal to fetal
PMNs. The other area of significant difference was
birth weight. This is most likely due to the differ-
ence in gestational age between the two groups.
The mean birth weight for infants born at 29 weeks
during this period was 1,367.5 g (n 145) and
1,814.3 g (n 242) at 31 weeks.
FISH permits an opportunity to distinguish ma-
ternal from fetal nucleated cells. This is possible in
cases where there is a distinct chromosome differ-
ence between the mother and the fetus such as
aneuploidy or a male fetus. Redline and Patterson8
described the technique using FISH to study the
origin of chronic inflammatory cells in cases of
chronic villitis of unknown etiology. Cowles et al.1
used FISH on cell suspensions of placental tissue
of chromosomally normal and abnormal infants and
were able to accurately identify the abnormal
karyotypes.
Our initial attempts at FISH techniques were
using mounted paraffin sections. We encountered
difficulties with tissue architecture and cell over-
lap. The loss of architecture was felt to be second-
ary to the deparaffination process but similar re-
sults were observed when using fresh placental sec-
tions. Cell overlap was also a problem despite using
4-5 pm tissue sections. Adequate evaluation of the
PMN nuclei and individual fluorescent signals was
not possible. Thus, we were unable to quantify the
degree of maternal vs. fetal response. The PMN is
the predominant nucleated cell seen on histologic
section of severe chorioamnionitis. Deparaffination
and tissue digestion produced a cell suspension
that allowed identification of the PMN and
avoided the problem of cell overlap. FISH tech-
niques were possible with good visualization of the
X and Y chromosome probes within the individual
PMNs.
Our results demonstrate that the fetus does con-
tribute 10-13% of the acute cellular inflammatory
response, although the inflammatory response is
overwhelmingly maternal. This relationship be-
tween the maternal and fetal compartments holds
true regardless of the clinical presentation (clinical
vs. subclinical chorioamnionitis). However, the
possible pathophysiologic mechanism for explain-
ing differences in clinical presentation of histologic
chorioamnionitis requires further investigation.
Perhaps the source of immune signaling (e.g., in-
terleukin production) is different in clinical and
subclinical cases of chorioamnionitis. In the first
case, maternally produced cytokines may recruit
inflammatory cells at the same time they activate a
systemic response. Conversely, in the latter sce-
nario, fetally derived cytokines may recruit local
maternal PMNs but are unable to activate a mater-
nal systemic response. The end results in both sce-
narios are similar contributions by the maternal and
fetal compartments, though the origination of the
signal for assistance may be different.
CONCLUSIONS
The preterm fetus does contribute to the acute
cellular inflammatory response observed in the pla-
centa, though the maternal response predominates.
The presence of clinical chorioamnionitis does not
significantly change the magnitude of this re-
sponse.
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